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Summary
Objectives.  —  To  investigate  the  relationship  between  ophthalmic  artery  (OA)  blood  flow  para-
meters and  retinal  nerve  fiber  layer  (RNFL)  thickness  in  eyes  with  pseudoexfoliation  (PEX).
Methods. —  We  compared  PEX  eyes  without  glaucoma  (group  A,  n  =  53)  and  those  with  glaucoma
(group B,  n  =  18)  with  control  eyes  (group  C,  n  =  44).  Subsequently,  eyes  in  groups  A  and  B  were
compared.  Finally,  OA  color  Doppler  imaging  measurements  were  recorded,  and  peripapillary
RNFL analysis  was  performed.
Results.  —  The  total  RNFL  measurements  differed  significantly  among  the  groups  (P  =  0.012),
being thicker  in  group  C  than  in  group  A  (P  =  0.010)  and  significantly  different  between  group  B

and groups  A  and  C  (both  P  =  0.001).  The  peak  systolic  velocity  (PSV)  and  end  diastolic  velocity
(EDV) measurements  of  groups  A  and  B  were  lower  than  those  of  group  C  (PSV:  P  =  0.001  and
P =  0.001,  respectively;  EDV:  P  =  0.001  and  P  =  0.001,  respectively).  No  significant  difference  was
noted in  resistive  index  (RI)  measurements  (P  =  0.370).  In  group  B,  significant  negative  correla-
tions were  noted  between  total  RNFL  and  PSV  (r  =  —0.743;  P  =  0.001)  and  between  total  RNFL
and EDV  (r  =  —0.691;  P  =  0.001),  but  not  between  total  RNFL  and  RI  measurements  (P  =  0.548).
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Conclusions.  —  Pseudoexfoliation  syndrome  (PXS)  with  or  without  glaucoma  was  associated  with
a decrease  in  the  PSV  and  EDV  values  of  the  OA.  An  extensive  study  may  be  needed  to  further
explore the  role  of  PXS  in  OA  blood  flow  parameters.  Total  RNFL  thickness  values  were  lower  in
eyes with  PEX  than  in  those  without.
© 2023  L’Auteur(s).  Publié  par  Elsevier  Masson  SAS.  Cet  article  est  publié  en  Open  Access  sous
licence CC  BY-NC-ND  (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Résumé
Objectifs.  —  Étudier  le  lien  entre  les  paramètres  du  débit  sanguin  de  l’artère  ophtalmique  (AO)
et l’épaisseur  de  la  couche  des  fibres  nerveuses  rétiniennes  (CFNR)  dans  les  yeux  présentant
une pseudo-exfoliation  (PEX).
Méthodes.  —  Nous  avons  comparé  des  yeux  PEX  sans  glaucome  (groupe  A,  n  =  53)  et  avec  glau-
come (groupe  B,  n  =  18)  avec  des  yeux  témoins  (groupe  C,  n  =  44).  Par  la  suite,  les  yeux  des
groupes A  et  B  ont  été  comparés  entre  eux.  Enfin,  des  relevés  d’imagerie  Doppler  Couleur  de
l’AO et  une  analyse  de  la  CFNR  péripapillaire  ont  été  effectués.
Résultats.  — Les  relevés  de  la  CFNR  totale  présentaient  des  différences  significatives  selon  les
groupes (p  =  0,001).  Ils  étaient  plus  élevés  dans  le  groupe  C  que  dans  le  groupe  A  (p  =  0,010)  et
présentaient  des  différences  significatives  entre  les  groupes  B  et  C  (p  =  0,001).  Les  relevés  de  la
vitesse maximale  systolique  (VMS)  et  de  la  vitesse  diastolique  finale  (VDF)  dans  les  groupes  A  et
B étaient  inférieurs  à  ceux  du  groupe  C  (respectivement  p  =  0,007  et  p  =  0,001;  respectivement
p =  0,004  et  p  =  0,001).
Conclusions.  — Le  syndrome  de  pseudo-exfoliation  (SPE)  avec  ou  sans  glaucome  a  été  associé  à
une diminution  des  valeurs  VMS  et  VDF  de  l’AO.  Une  étude  plus  approfondie  peut  être  nécessaire
pour explorer  davantage  le  rôle  du  SPE  dans  les  paramètres  du  débit  sanguin  de  l’AO.  Les  valeurs
de l’épaisseur  totale  de  la  CFNR  étaient  réduites  dans  les  yeux  présentant  une  PEX.
© 2023  L’Auteur(s).  Publié  par  Elsevier  Masson  SAS.  Cet  article  est  publié  en  Open  Access  sous
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seudoexfoliation  syndrome  (PXS)  is  an  age-related  syn-
rome.  It  is  characterized  by  the  production  and  progressive
torage  of  small,  white  deposits  of  fibrillary,  extracellular,
seudoexfoliative  material  in  ocular  tissues  [1].  Pseudoex-
oliative  material  can  be  observed  in  ocular  and  extraocular
issues  such  as  those  of  the  lens  capsule,  ciliary  body,
nterior  and  posterior  surface  of  the  iris,  pupillary  rim,
rabecular  meshwork,  conjunctival  stroma,  corneal  endo-
helium,  extraocular  muscles,  optic  nerve  meninges,  orbital
onnective  components,  skin,  heart,  kidney,  bladder,  lungs,
iver,  cerebral  meninges,  and  adventitia  of  the  aorta  and
erebral  artery  [2—4].

Blood  flow  parameters  can  be  altered  by  storing  pseu-
oexfoliative  material  in  the  walls  of  iris  veins,  posterior
iliary  arteries,  vortex  veins,  and  central  retinal  veins.  This
an  lead  to  increased  permeability,  narrowing,  and  even-
ually  obstruction  [1].  In  a  study  conducted  in  patients  with
t  least  one  transient  ischemic  attack,  the  prevalence  of
seudoexfoliative  material  was  high  among  those  with  high
esistive  indices  (RIs)  for  ophthalmic  arteries  (OAs)  [5].
Color  Doppler  imaging  (CDI)  is  a  reliable,  non-invasive,
nd  reproducible  method  for  the  evaluation  of  orbital  blood
ow  velocities.  It  has  been  increasingly  used  to  assess  patho-

ogies  such  as  vascular  occlusion,  tumors,  glaucoma,  and

n
s
b

85
ativecommons.org/licenses/by-nc-nd/4.0/).

aroticocavernous  fistula  that  affect  orbital  hemodynamics
6—9].

Visual  field  evaluation  and  optical  coherence  tomography
OCT)  can  provide  functional  data  and  information  on  the
natomical  structure  of  the  retinal  nerve  fiber  layer  (RNFL)
10]. OCT  studies  have  primarily  revealed  early  structural
hanges  in  the  thickness  of  the  RNFL  in  patients  with  PXS
11—13].  Some  studies  suggest  that  OCT  is  more  sensitive
nd  practical  than  other  tests  (e.g.,  visual  field  testing)  for
he  detection  of  glaucomatous  damage  in  the  optic  nerve
ead  [14—16]. The  aim  of  this  study  was  to  evaluate  the
elationship  between  OA  blood  flow  parameters  and  RNFL
hickness  in  eyes  with  pseudoexfoliation  (PEX).

aterials and methods

his  prospective  study  was  performed  in  accordance  with
he  principles  of  the  Declaration  of  Helsinki.  The  study  was
eviewed  and  approved  by  the  Ethics  Committee  of  our
niversity  (details  blinded  for  peer  review).  All  patients  pro-
All  patients  underwent  routine  ophthalmologic  exami-
ation.  The  best-corrected  visual  acuities  were  obtained,
lit-lamp  biomicroscopic  examinations  were  performed
efore  and  after  dilating  the  pupil,  intraocular  pressure
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[A—B]  =  15.58  ±  12.62  �m;  P  =  0.001).  The  difference  (mean
Journal  français  d’ophta

IOP)  was  measured,  angle  examinations  were  performed
ith  a  Goldmann  three-mirror  lens,  fundus  examinations
ere  performed  with  a  90-D  lens,  and  the  RNFL  was  assessed
ia  OCT.  RNFL  data  were  analyzed,  and  the  total  retinal  thi-
kness  and  four-quadrant  nerve  and  fiber  layer  values  were
ompared.  Detailed  medical  histories  were  obtained  from
ll  patients.  Patients  with  cardiovascular  disease  other  than
ystemic  hypertension  and  patients  with  diabetic  retinopa-
hy  were  excluded  from  the  study.  Patients  with  systemic
ypertension  that  was  under  control  with  medication  were
ncluded  in  the  study.

Patients  with  pseudoexfoliative  material  on  the  pupillary
im  or  anterior  capsule  surface  after  mydriasis  were  inclu-
ed  in  the  group  of  patients  with  eyes  with  PEX.  Patients
ith  an  IOP  <  21  mmHg,  diurnal  IOP  fluctuation  within  normal

imits  (≤  5  mmHg),  no  glaucomatous  optic  nerve  changes,
nd  normal  visual  field  scan  results  were  included  in  the
roup  of  patients  with  PXS.  Patients  with  pseudoexfoliative
aterial  and  glaucomatous  optic  nerve  changes  (vertical

inear  cup-to-disc  ratio  >  0.6,  notching  of  the  neuroretinal
im)  upon  pathological  visual  field  tests  were  included  in
he  group  of  patients  with  pseudoexfoliative  glaucoma.  We
ncluded  patients  without  PEX,  glaucoma,  diabetic  retinopa-
hy,  uncontrolled  systemic  hypertension,  and  cardiovascular
athology  in  the  control  group.  We  confirmed  the  absence
f  PEX  in  the  patients  in  the  control  group  while  their  pupils
ere  dilated.  The  patients  in  our  study  were  divided  into

hree  groups:  patients  with  PEX  and  without  glaucoma  were
ncluded  in  group  A,  patients  with  PEX  and  glaucoma  in  group
,  and  control  patients  in  group  C.  Three  comparisons  were
ade  in  the  study.  First,  eyes  of  patients  in  the  control  group
ere  compared  with  eyes  of  patients  with  PEX  without  glau-
oma.  Second,  eyes  of  patients  with  PEX  and  glaucoma  were
ompared  with  eyes  of  patients  with  PEX  without  glaucoma.
astly,  eyes  of  those  with  glaucoma  and  eyes  of  those  in  the
ontrol  group  were  compared.

OA  CDI  was  performed  in  all  patients  by  the  same  expe-
ienced  radiologist  (U.I.),  using  Doppler  sonography  (Affinity
0G,  probe:  5—12  MHz;  Philips  Healthcare,  Best,  the  Nether-
ands).  The  radiologist  performed  the  imaging  while  being
linded  to  group  allocation.  CDI  was  performed  using  a
.5-MHz  linear  transducer.  All  imaging  examinations  were
erformed  with  patients  in  the  supine  position  and  eyes
losed.  Acoustic  gel  was  applied  to  the  eyelids  of  the
atients,  and  no  pressure  was  applied  to  the  globe  during
maging.  Patients  were  asked  to  look  straight  ahead.  First,
n  image  of  the  optic  nerve  was  obtained.  The  OA  is  situa-
ed  either  above  or  below  the  optic  nerve  in  the  posterior
rbit  before  passing  forward  to  the  nasal  orbit  in  a  horizontal
lane  slightly  superior  to  the  optic  nerve  [6].  Additionally,
A  blood  parameters  were  obtained  approximately  25  mm
ehind  the  globe,  where  the  artery  crossed  the  optic  nerve
7].

Peripapillary  RNFL  analysis  was  performed  with  a
pectral-domain  OCT  (3D  OCT-1  Maestro;  Topcon,  Tokyo,
apan)  device.  Each  papilla  was  analyzed  at  four  quadrants:
emporal  quadrant  thickness  (316◦—45◦),  superior  quadrant

◦ ◦ ◦ ◦
hickness  (46 —135 ),  nasal  quadrant  thickness  (136 —225 ),
nd  inferior  quadrant  thickness  (226◦—315◦).  In  addition,  the
otal  RNFL  thickness  was  evaluated  for  each  eye  included  in
he  study.
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tatistical analysis

CSS  2007  software  (NCSS,  Kaysville,  UT,  USA)  was  used
or  statistical  analysis.  Descriptive  statistical  methods
mean,  standard  deviation,  frequency,  ratio,  minimum,  and
aximum)  were  used  to  evaluate  the  study  data.  The  distri-
utions  of  quantitative  data  were  tested  for  normality  using
he  Kolmogorov—Smirnov  test,  Shapiro  Wilk’s  test,  and  gra-
hical  evaluations.  One-way  analysis  of  variance  (ANOVA)
as  used  to  compare  three  or  more  normally  distributed
roups,  and  the  Bonferroni  test  was  used  for  paired  compa-
isons.  Significance  was  assigned  at  the  P  <  0.05  level.

esults

he  study  was  conducted  between  March  2020  and  March
021,  with  115  eye  measurements  recorded  for  95  patients.
yes  of  patients  with  PEX  were  included  in  groups  A  and  B,
ith  14  (27.5%)  cases  of  the  right  eye  only,  17  (33.3%)  of  the

eft  eye  only,  and  20  (39.2%)  of  both  eyes.  Glaucoma  was  not
etected  in  55  (74.6%;  53  patients)  eyes  and  was  observed
n  18  (25.4%)  (Table  1).

A  significant  difference  was  noted  in  peak  systolic  velo-
ity  (PSV)  among  the  three  groups,  as  determined  by  one-
ay  ANOVA  (F  =  8.492;  P  =  0.001).  No  significant  difference
as  noted  between  group  A  (41.26  ±  15.45  cm/s)  and  group

 (39.54  ±  15.41  cm/s)  in  terms  of  PSV  (mean  difference
A-B]  =  1.717  ±  4.20  cm/s;  P  >  0.99).  The  PSV  in  group  A  was
ignificantly  lower  than  that  in  group  C  (52.94  ±  15.34  cm/s;
ean  difference  [A—C]  =  —11.68  ±  3.14  cm/s;  P  =  0.001).

urthermore,  the  PSV  in  group  B  was  significantly  lower  than
hat  in  group  C  (mean  difference  [B—C]  =  -13.39  ±  4.30  cm/s,

 =  0.001)  (Fig.  1).
A  significant  difference  was  noted  in  end  diastolic

elocity  (EDV)  among  the  three  groups,  as  determined  by
ne-way  ANOVA  (F  =  8.604;  P  =  0.001).  No  significant  diffe-
ence  was  noted  between  group  A  (12.45  ±  5.71  cm/s)  and
roup  B  (11.54  ±  5.68  cm/s)  in  terms  of  EDV  (mean
ifference  [A—B]  =  0.91  ±  1.50  cm/s,  P  >  0.99).  The
DV  in  group  A  was  significantly  lower  than  that  in
roup  C  (16.56  ±  5.19  cm/s;  mean  difference  [A—C]  =  -
.107  ±  1.12  cm/s;  P  =  0.001).  Additionally,  the  EDV  in
roup  B  was  significantly  lower  than  that  in  group  C  (mean
ifference  [B—C]  =  —5.025  ±  1.54  cm/s;  P =  0.001)  (Fig.  2).

No  significant  differences  were  noted  in  the  RI  measure-
ents  among  the  three  groups,  as  determined  by  one-way
NOVA  (F  =  1.004;  P  =  0.370).

A  significant  difference  was  observed  in  total  RNFL
hickness  among  the  three  groups,  as  determined  by
ne-way  ANOVA  (F  =  4.590;  P  =  0.012).  The  total  RNFL
n  group  A  (87.91  ±  14.97  �m)  were  significantly  thin-
er  than  that  in  group  C  (96.18  ±  11.90  �m;  mean
ifference  [A—C]  =  —8.276  ±  2.75  �m;  P  =  0.010).  The  dif-
erence  in  total  RNFL  thickness  between  groups  A  and

 (72.33  ±  2.35  �m)  was  significant  (mean  difference
ifference  [B—C]  =  —23.85  ±  9.55  �m;  P  =  0.001)  between
roups  B  and  C  was  significant  (Tables  2  and  3  and  Fig.  3).

A  significant  difference  was  noted  in  RNFL  superior
uadrant  (RNFL  S)  thickness  among  the  three  groups,  as

9
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Table  1  Demographic  features.

Total  (n  =  95) aPEX  (+)  Glaucoma  (−)
(n  =  37)

bPEX  (+)  Glaucoma  (+)
(n  =  14)

cControl
(n  =  44)

Age  (years)  Mean  ±  SD  70.4  ±  8.93  73.81  ±  7.46  76.57  ±  9.21  65.86  ±  7.65
Sex;  n  (%)  Female  53  (55.8)  22  (59.5)  6  (42.9)  25  (56.8)

Male  42  (44.2)  15  (40.5)  8  (57.1)  19  (43.2)

PEX: pseudoexfoliation.
a PEX (+) Glaucoma (−) group.
b PEX (+) Glaucoma (+) group.
c Control group.
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igure 1. Peak systolic velocity distribution by group.

etermined  by  one-way  ANOVA  (F  =  15.002;  P  =  0.001).  That
f  group  A  (100.51  ±  23.12  �m)  was  significantly  thicker
han  that  of  group  B  (83.11  ±  23.80  �m;  mean  difference
A-B]  =  17.398  ±  5.80  �m;  P  =  0.010)  and  significantly  thinner
han  that  of  group  C  (114.80  ±  17.53  �m;  mean  difference
A-C]  =  —14.286  ±  4.3  �m;  P  =  0.004).  RNFL  S  of  group  B  was
ignificantly  thinner  than  that  of  group  C  (mean  difference
B—C]  =  —31.68  ±  5.94  �m;  P  =  0.001)  (Fig.  4).

A  significant  difference  was  noted  in  RNFL  inferior
uadrant  (RNFL  I)  thickness  among  the  three  groups,  as
etermined  by  one-way  ANOVA  (F  =  12.949;  P  =  0.001).  That
f  group  A  (109.87  ±  20.63  �m)  was  significantly  thicker
han  that  of  group  B  (84.44  ±  27.82  �m;  mean  difference
A—B]  =  25.423  ±  6.25  �m;  P  =  0.001;  P  <  0.01)  but  not  signi-

cantly  different  from  that  of  group  C  (116.91  ±  23.44  �m;
ean  difference  [A—C]  =  —7.041  ±  4.67  �m;  P  =  0.405).
oreover,  RNFL  I  of  group  B  was  significantly  thinner  than

q
a
P

86
hat  of  group  C  (mean  difference  [B—C]  =  —32.46  ±  6.42  �m;
 =  0.001)  (Fig.  4).

A  significant  difference  was  noted  in  RNFL  temporal
uadrant  (RNFL  T)  thickness  among  the  three  groups,
s  determined  by  one-way  ANOVA  (F  =  7.971;  P  =  0.001).
o  significant  difference  was  noted  between  group  A
67.30  ±  13.61  �m)  and  group  B  (59.94  ±  18.22  �m)  in  terms
f  RNFL  T  thickness  (mean  difference  [A-B]  =  7.35  ±  3.84  �m;

 =  0.174).  That  of  group  A  was  significantly  thinner
han  that  of  group  C  (74.91  ±  12.73  �m;  mean  difference
A—C]  =  —7.607  ±  2.87  �m;  P  =  0.028).  In  addition,  the  RNFL

 in  group  B  was  significantly  thinner  than  that  in  group
 (mean  difference  [B—C]  =  -14.96  ±  3.94  �m;  P = 0.001)
Fig.  5).
No  significant  difference  was  noted  in  RNFL  nasal
uadrant  (RNFL  N)  thickness  among  the  three  groups,
s  determined  by  one-way  ANOVA  (F  =  0.393;  P  =  0.676;

 >  0.05).

0
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Figure 2. End diastolic velocity distribution by group.

Table  2 Total  RNFL,  PSV,  EDV,  and  RI  measurements..
aPEX  (+)
Glaucoma  (−)
(n  =  53)

bPEX  (+)
Glaucoma  (+)
(n =  18)

cControl
(n  =  44)

Post  Hoc

Mean  ±  SD  Mean  ±  SD  Mean  ±  SD  Pd P1—2
e P1—3

e P2—3
e

Total  RNFL
thickness
(�m)

87.91  ±  14.97 72.33  ±  2.35 96.18  ±  11.90  0.012*  0.001  0.010* 0.001  3  >  1

PSV  (cm/s)  41.26  ±  15.45  39.54  ±  15.41  52.94  ±  15.34  0.001**
>  0.99

0.001**  0.001**  3  >  1,  2

EDV  (cm/)  12.45  ±  5.71  11.54  ±  5.68  16.56  ±  5.19  0.001**  >  0.99  0.001**  0.001**  3  >  1,  2
RI  0.70  ±  0.06  0.70  ±  0.07  0.68  ±  0.06  0.370  >  0.99  0.765  0.672  —

PEX: pseudoexfoliation; RNFL: retinal nerve fiber layer; PSV: peak systolic velocity; EDV: end diastolic velocity; RI: resistive index.
* P < 0.05.
** P < 0.01.
a PEX (+) Glaucoma (−) group.
b PEX (+) Glaucoma (+) group.
c Control group.
d

R
t
r
m

b
t

t
fi
(

One-way ANOVA.
e Bonferroni test.

A  weak  negative  correlation  was  noted  between  total
NFL  and  PSV  and  EDV  measurements  in  group  A,  but
his  correlation  was  not  significant  (P  >  0.05).  No  significant

elationship  was  noted  between  total  RNFL  and  RI  measure-
ents,  either  (P  >  0.05).
In  group  B,  a  significant  negative  correlation  was  noted

etween  total  RNFL  and  PSV  (r  =  −  0.743;  P  =  0.001).  In  addi-
ion,  a  significant  negative  correlation  was  noted  between

w
a
s
R

86
otal  RNFL  and  EDV  (r  =  −  0.691;  P  =  0.001),  whereas  no  signi-
cant  relationship  was  noted  between  total  RNFL  and  RI
P  =  0.548).

In group  C,  a  moderately  significant  positive  correlation
as  noted  between  total  RNFL  and  PSV  (r  =  0.317;  P  =  0.036)

nd  between  total  RNFL  and  EDV  (r  =  0.337  P  =  0.025).  No
ignificant  relationship  was  noted  between  total  RNFL  and
I  (P  =  0.0766)  (Table  4).

1
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Table  3  Evaluation  of  RNFL  measurements.
aPEX  (+)
Glaucoma  (—)
(n =  53)

bPEX  (+)
Glaucoma  (+)
(n =  18)

cControl
(n  =  44)

Post  Hoc

Mean  ±  SD  Mean  ±  SD  Mean  ±  SD  Pad P1—2
e P1—3

e P2—3
e

RNFL  S  �m)  100.51  ±  23.12  83.11  ±  23.80  114.80  ±  17.53  0.001**  0.010* 0.004**  0.001**  3  >  1  >  2
RNFL  I  (�m)  109.87  ±  20.63  84.44  ±  27.82  116.91  ±  23.44  0.001**  0.001**  0.405  0.001**  1,  3  >  2
RNFL  T  (�m)  67.30  ±  13.61  59.94  ±  18.22  74.91  ±  12.73  0.001**  0.174  0.028* 0.001**  3  >  1,  2
RNFL  N  (�m)  72.53  ±  17.70  66.39  ±  23.13  74.05  ±  17.70  0.676  0.605  >  0.99  0.435  —
Total  RNFL

(�m)
87.91  ±  14.97  72.33  ±  2.35  96.18  ±  11.90  0.001**  0.001**  0.044* 0.001**  1,3  >  2

PEX: pseudoexfoliation; RNFL S: retinal nerve fiber layer superior quadrant; RNFL I: retinal nerve fiber layer inferior quadrant; RNFL T:
retinal nerve fiber layer temporal quadrant; RNFL N: retinal nerve fiber layer nasal quadrant.
* P < 0.05.
** P < 0.01.
a PEX (+) Glaucoma (−) group.
b PEX (+) Glaucoma (+) group.
c Control group.
d One-way ANOVA.
e Bonferroni test.
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igure 3. Total parameters and retinal nerve fiber layer thicknes

iscussion

his  study  showed  that  patients  with  PEX  with  and  without
laucoma  had  differences  in  the  hemodynamic  parameters
f  their  OAs  and  thinner  RNFLs.  Aging  is  associated  with

ecreased  EDV  values  for  unchanged  PSV  values  of  the  OA
17].  In  a  previous  study  [18],  changes  in  blood  flow  velo-
ity  resulted  in  an  increased  vascular  RI;  therefore,  an
ncreased  RI  in  the  analyzed  group  was  associated  with  an

t
c
d
r

86
ribution by group.

ncreased  systolic  blood  pressure  (SBP),  while  a  decreased
I  was  associated  with  an  increased  diastolic  blood  pres-
ure  (DBP).  In  addition,  an  increased  DBP  correlates  with
n  increased  EDV,  which  leads  to  a  decreased  RI.  Simi-
arly,  an  increased  SBP  and  PSV  cause  an  increased  RI  in

he  OA.  These  observations  confirm  the  age-related  vas-
ular  remodeling  theory.  Structural  changes  decrease  the
iameter  of  the  vessels  and  increase  their  rigidity.  This
emodeling  provides  the  stable  velocity  of  the  current  in  the

2
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Figure 4. Retinal nerve fiber layer quadrant distribution by group.

Figure 5. Temporal retinal nerve fiber layer quadrant distribution by group. T-RNFL: temporal retinal nerve fiber layer; PXS: pseudoexfo-
liation syndrome; PXG: pseudoexfoliative glaucoma.
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Table  4  Relationship  between  total  RNFL  and  PSV,  EDV,  and  RI  by  group.

Total  RNFL
PEX  (+)  Glaucoma  (—)  PEX  (+)  Glaucoma  (+)  Control
r  P  r  P  r  P

PSV  −0.164  0.240  −  0.743  0.001** 0.317  0.036*
EDV  −0.207  0.138  −0.691  0.001** 0.337  0.025*
RI  0.095  0.499  −0.152  0.548  −0.046  0.766

RNFL: retinal nerve fiber layer; PEX: pseudoexfoliation; PSV: peak systolic velocity; EDV: end diastolic velocity; RI: resistive index.
* P < 0.05 (Pearson correlation analysis).
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** P < 0.01 (Pearson correlation analysis).

etrobulbar  circulation  together  with  the  decreased  blood
ow  volume  [19].

Harris  et  al.  observed  a  correlation  between  OA  circula-
ion  parameters  and  sex.  They  stated  that  aging  may  result
n  30%  and  12%  reductions  in  OA  EDV  in  women  and  men,
espectively.  They  reported  that  aging  was  associated  with
n  increase  in  the  RI  of  the  OA  by  50%  in  women  and  26%  in
en  [17].
Martinez  and  Sanchez  observed  that  hemodynamic  para-

eters  in  retrobulbar  vessels  were  significantly  lower  in
atients  with  pseudoexfoliative  glaucoma  than  those  in
atients  with  PXS.  Additionally,  in  the  same  study,  no  dif-
erence  was  observed  between  patients  with  PXS  and  the
ontrol  group  regarding  retrobulbar  blood  flow  parameters
1].

In  our  study,  PSV  and  EDV  measurements  of  the  OA  were
ower  in  patients  with  PEX  with  and  without  glaucoma  than
hose  in  patients  in  the  control  group.  On  the  other  hand,  no
ignificant  difference  was  observed  between  patients  with
EX  with  and  without  glaucoma.  Although  no  statistically
ignificant  difference  was  observed  among  the  groups  in
erms  of  RI,  the  average  RI  was  higher  in  groups  with  PEX.

Exfoliative  material  has  been  identified  in  the  central
etinal  artery  and  short  posterior  ciliary  arteries  [3,20],
hich  feed  the  prelaminar  and  laminar  regions  of  the

uperficial  nerve  fiber  layer.  These  vessels  provide  vascular
upport  to  the  optic  nerve  head  [1].

PXS  is  a  systemic  disease  characterized  by  marked  vas-
ular  damage  [21,22].  Vascular  changes  occurring  in  eyes
ith  PEX  increase  vascular  permeability,  resulting  in  occlu-

ion  and  disappearance  of  vessels,  neovascularization,  and
n  increased  RI  of  the  OA.  Pseudoexfoliative  material  accu-
ulates  in  vascular  endothelial  cells,  smooth  muscle  cells,

nd  pericytes.  All  these  cell  types  play  regulatory  roles  in
ocal  microcirculation  [7].

The  severity  of  glaucoma  in  eyes  with  PEX  is  associated
ith  the  amount  of  pseudoexfoliative  material  deposited  in

he  cribriform  region  of  the  trabecular  meshwork  [23].  In  a
0-year  study  by  Puska  et  al.,  38%  of  patients  with  unilateral
XS  progressed  to  bilateral  PXS  [24].  Therefore,  follow-up  of
atients  with  PXS  in  one  eye  is  important.

Many  studies  have  revealed  that  the  RNFL  in  the  infero-

emporal  quadrant  was  significantly  thinner  in  eyes  with  PXS
han  that  in  the  control  group.  This  finding  may  be  an  early
ign  of  retinal  nerve  fiber  damage  in  eyes  with  PXS,  despite

 normal  IOP  and  intact  visual  field  [13].  Puska  et  al.  sug-
ested  that  pseudoexfoliative  material  may  be  a  risk  factor

O
w
a
m
fl

86
ndependent  of  IOP  for  ganglion  cell  damage  in  eyes  with
XS  and  glaucoma  [24].

In  this  study,  the  total  RNFL  was  thicker  in  eyes  of
atients  in  the  control  group  than  that  in  eyes  of  patients
ith  PEX  without  glaucoma.  Similarly,  the  total  RNFL  was

hicker  in  eyes  of  patients  with  PEX  without  glaucoma  than
hat  in  eyes  of  patients  with  PEX  and  glaucoma.

The  RNFL  S,  RNFL  I,  and  RNFL  T  were  thicker  in  the
ontrol  group  than  in  the  other  groups.  However,  no  signifi-
ant  difference  was  noted  among  the  groups  regarding  RNFL

 thickness.  Furthermore,  when  patients  with  PEX  with  and
ithout  glaucoma  were  compared,  no  significant  difference
as  observed  except  for  that  in  RNFL  S  thickness,  which
as  lower  in  patients  with  glaucoma.  Changes  in  the  optic
erve  head  structure  and  RNFL  thickness  may  precede  the
evelopment  of  visual  field  loss  in  eyes  of  patients  with  glau-
oma.  Therefore,  segmental  reduction  of  the  RNFL  in  eyes
ith  PEX  may  be  an  early  sign  of  glaucomatous  damage  [11].

n  our  study,  the  RNFL  values  of  the  patients  in  Groups  A
nd  B  were  similar,  possibly  because  the  decrease  in  RNFL
hickness  occurred  before  visual  field  loss.

tudy limitations

his  study  has  several  limitations.  First,  our  sample  was
mall,  limiting  the  generalizability  of  the  results.  Second,
he  follow-up  period  for  patients  with  PEX  in  only  one  eye
as  too  short  to  monitor  the  condition  of  the  other  eye.  PEX
ay  subsequently  develop  in  the  other  eye,  and  the  OA  blood
ow  parameters  may  change.  Third,  we  did  not  apply  the
isual  field  test  to  all  cases  included  in  the  study;  however,
isual  field  testing  was  performed  in  cases  with  glaucoma  or
uspected  glaucoma.  Finally,  parameter  changes  that  may
ave  been  due  to  globe  compression  could  not  be  considered
uring  CDI.

onclusion
ur  study  showed  a  decrease  in  total  RNFL  thickness  in  eyes
ith  PEX.  PXS  with  or  without  glaucoma  was  associated  with

 decrease  in  the  PSV  and  EDV  of  the  OA.  An  extensive  study
ay  be  needed  to  further  explore  the  role  of  PXS  in  OA  blood
ow  parameters.
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19] Wiącek MP, Modrzejewska M, Zaborski D. Age-related changes
in retrobulbar circulation: a literature review. Int Ophthalmol
2020;40:493—501.

20] Mitchell P, Wang JJ, Smith W. Association of pseudoexfolia-
tion syndrome with increased vascular risk. Am J Ophthalmol
1997;124:685—7.

21] Naumann GOH, Schlötzer-Schrehardt U, Küchle M. Pseudoex-
foliation syndrome for the comprehensive ophthalmologist.
Intraocular and systemic manifestations. Ophthalmology
1998;105:951—68.

22] Schlötzer-Schrehardt UM, Koca MR, Naumann GOH, Volkholz H.
Pseudoexfoliation syndrome. Ocular manifestation of a syste-
mic disorder? Arch Ophthalmol 1992;110:1752—6.

23] Gottanka J, Flügel-Koch C, Martus P, Johnson DH, Lütjen-
Drecoll E. Correlation of pseudoexfoliative material and optic
nerve damage in pseudoexfoliation syndrome. Invest Ophthal-
in normotensive persons with unilateral exfoliation syndrome:
a 3-year follow-up study. Graefes Arch Clin Exp Ophthalmol
1999;237:457—62.

5


